The aim of this study was to analyze dental comorbidities in untreated primary hyperparathyroidism (pHPT). Patients with pHPT subjected to parathyroidectomy (PTX) at Karolinska University Hospital, Stockholm, during 2011-2016 (n = 982) were selected from the Scandinavian Quality Register of Thyroid, Parathyroid and Adrenal surgery and compared to a general population cohort (n = 2944), matched for age and gender. Dental data was obtained from the Swedish Dental Health Registry for the 3 years prior to PTX. The incidence rate ratios (IRRs) of tooth loss by extraction, periodontal interventions, and dental visit rate were analyzed by Poisson regression models. In order to analyze the impact of disease severity, the PHPT cohort was sub-grouped based on preoperative serum levels of ionized calcium (S-Ca 2+ ). The total number of tooth extractions, periodontal interventions, and number of visits were similar in the cohorts. PHPT patients belonging to the quartile with the highest S-Ca 2+ (≥ 1.51 mmol/L) had increased risk for tooth extraction (IRR 1.85; 95% CI 1.39-2.46). Female gender independently amplified the risk (IRR 1.341, P < 0.027). This study indicates an association between pHPT and oral disorders reflected by increased tooth loss by extraction related to high S-Ca 2 . Increased awareness of dental comorbidity in primary hyperparathyroidism may benefit a large group of patients with a common disease through earlier detection and prevention.
Introduction
Primary hyperparathyroidism (pHPT) is characterized by an excess secretion of parathyroid hormone (PTH) and an inappropriate elevation of ionized calcium (S-Ca 2+ ) in blood, hypercalcemia. The diagnosis is easily determined by biochemical serum analysis. PTH is an 84 amino-acid hormone produced by the chief-cells in the parathyroid glands and constitutes the most important regulator of the free calcium (S-Ca 2+ ) homeostasis and plays a key role in bone remodeling [1] .
The clinical presentation of pHPT has changed during the last century. Historically, pHPT was considered a rare disorder with notable morbidity, e.g., severe skeletal lesions and deformities due to demineralization and calcification of parenchymal organs, nephrolithiasis, and altered mental status caused by an extracellular excess of calcium [2] . Raised awareness of the pHPT diagnosis and more exact methods for measuring S-Ca 2+ and PTH as well as the introduction of biochemical screening have contributed to a significant rise in incidence of pHPT. Today, pHPT is the third most common endocrine disorder, often diagnosed earlier and consequently, at a biochemically mild stage. The diagnosis is more prevalent in women and incidence increases with age. In the Swedish population, the prevalence of pHPT is estimated at 1%, yet among postmenopausal women, it can be as high as 3-5% [3] . The cause is most often a benign parathyroid adenoma and the only curative treatment is surgical resectionparathyroidectomy (PTX). For patients with so-called asymptomatic pHPT, i.e., without obvious skeletal and kidney involvement, treatment is often delayed until complications occur. Guidelines regarding treatment and indications for surgery are continuously revised as the disease has become more prevalent [4] .
Historically, osteitis fibrosa cystica was a classic complication of pHPT often associated with brown tumors of the jaw and pronounced periodontal lesions [5] .
Knowledge regarding the impact and the clinical relevance of pHPT on oral health in the population today is limited. The association between pHPT and several known risk factors for dental disorders, e.g., osteoporosis, cardiovascular disease, diabetes, and psychiatric symptoms, is well-known [6] [7, 8] . However, there is little evidence of any association between early-stage pHPT and oral disorders. The current knowledge of the oral manifestations associated with pHPT is mainly based on historic data from case reports and limited case series. In a recent review summarizing the available literature between 1975 and 2016, including 205 articles and altogether 245 patients, a variety of symptoms and signs affecting oral health was reported. The findings were most commonly related to expansile bone effects and the second most common finding was oral pain. Frequent radiological findings were cortical destruction and tooth displacement [9] . Loss of the lamina dura, previously considered pathognomonic for pHPT, seemed to be one of the most common findings and was suggested to be related to increased bone turnover. Thus, the effect of pHPT on dental comorbidities is primarily hypothesized as being related to periodontal disease and ultimately, tooth loss. Extreme findings of pHPT-related brown tumors in the jaw, caused by microfractures and bleeding in an osteolytic lesion and ossifying fibromas, are today rarities and should raise suspicion for a genetic disorder known as the HPT-Jaw-tumor syndrome, caused by a defined mutation affecting the CDC73 gene [5, 10] .
Molecular aspects and associations between parathyroid disorders and oral health
PTH secretion is normally tightly regulated by a complex endocrine feedback loop involving calcium-sensing receptors (CaSR) at the surface of the parathyroid cells. PTH acts to increase the circulating Ca 2+ concentration through three major pathways: by renal tubular reabsorption of calcium, by release of calcium from the bone mineral component, and by conversion of vitamin D to the active form, increasing the intestinal uptake of calcium.
PTH is the key regulator of bone remodeling. A continuous physiologic renewing of the skeletal tissue is essential to preserve a healthy bone. PTH normally exerts both catabolic and anabolic effects. In healthy individuals, bone absorption is followed by activation of osteoblasts and refilling of the degraded bone. In pHPT, the balanced bone turnover is disturbed leading to a catabolic state and a reversible reduced bone mineral density of both trabecular and cortical bone [11] . A recovered balanced bone turnover following surgical cure (PTX) enables refilling of the bone. Up to 1 year after PTX, the risk of fractures is increased; thereafter, the risk is equal to healthy controls [12] .
In addition to the associations between disturbances in bone metabolism, pHPT and dental disorders share other common risk factors. Mental disorders including anxiety and depression are common in pHPT [13] . Based on a systematic review and metaanalysis, these disorders were associated with increased dental decay and tooth loss [14] . Furthermore, both pHPT and oral disorders are closely related to the occurrence and prognosis of cardiovascular disorders [15] . The exact mechanisms and possible impact of these associations are still not thoroughly researched.
Objectives
In this study, the intention was to analyze if the pattern of dental health care consumption in untreated pHPT patients differed from the background population. The hypothesis was that the deranged calcium metabolism and the altered bone remodeling, associated with pHPT, might affect oral health with a subsequent impact on dental care consumption. The primary aim of this study was to analyze dental interventions prior to PTX in a pHPT-cohort in comparison to a matched cohort from the general population, focusing on tooth loss by extraction, interventions related to periodontal disease, and total number of dental care visits. A secondary aim was to explore the impact of the severity of hypercalcemia related to pHPT on tooth loss by extraction, interventions related to periodontal disease, and total number of dental care visits.
Methods

Study design and setting
This observational cohort study is based on data from regional and national Swedish registries. All Swedish residents are assigned a unique personal identity number, either at birth or upon immigration, which is used in all health and census registries and allows for linkage among national registries. The Swedish health care registries are enclosed by rigorous legal and ethical frameworks to ensure the integrity of the individual [16, 17] . Ethical approval is required for scientific utilization of the Swedish registry data.
Data sources
The Scandinavian Quality Registry of Thyroid, Parathyroid and Adrenal surgery, SQRTPA, was founded in 2004. The registry covers about 95% of all PTX-surgeries performed in Sweden and contains information on preoperative work up, biochemical measures, preoperative imaging, complications after surgery, pathology reports, and lead times from the time of referral to 6 months postoperatively [18] . For registration in the SQRTPA, patient's informed consent is mandatory.
A pHPT patient cohort registered in SQRTPA that underwent curative PTX between January 2011 and December 2017 in Stockholm County was identified ( Fig. 1 ). The patient cohort was compared to a reference cohort collected from the Total Population Register. This cohort was previously selected as a reference population for a study on head-and neck cancer and oral health [19] . The reference population was matched to the pHPT cohort on age (± 1 year) and gender. (matching ratio 1:3).
The Swedish Dental Health Register (DHR) commenced in July 2008 and includes information on dental care under the National Dental Care Benefit Scheme [20] .
Information assessment
Information on age at PTX, the level of free calcium in plasma (S-Ca 2+ ), and the weight of the excised parathyroid adenoma was individually obtained from the regional server of SQRTPA for each member of the pHPT cohort.
Information on dental interventions was obtained from the DHR for both cohorts. Data on dental treatment, such as date, and type of treatment was obtained for a maximum time period of 3 years prior to index date (date of PTX) for all individuals included in the cohorts. The average time was 2.8 years.
Outcomes
The primary outcome was number of tooth extractions in patients with hypercalcemia related to pHPT, compared to the reference cohort. Secondary endpoints were treatment of periodontal disease (including prevention, non-surgical and surgical treatment of periodontal disease; no. of interventions per year) and the total dental care consumption (no. of dental visits per year).
Statistical analyses
In order to account for the matched design of the study, fixedeffects Poisson regression models (conditioned on the matching strata) were used to estimate the incidence rate ratios In addition, the pHPT cohort was further categorized into quartiles based on the preoperative S-Ca 2+ (as a proxy for disease severity). IRRs for tooth extractions, periodontal interventions, and total number of visits were calculated for each S-Ca 2+ quartile versus the reference cohort. In a complementary sensitivity analysis restricted to the pHPT cohort only, Poisson regression models were used to estimate the IRRs for tooth extractions, periodontal interventions, and total number of visits related to a 1-g increase in weight of the excised parathyroid adenoma (serving as postoperative verifying proxy for severity and duration of disease) [21] . All models were adjusted for age, index year, and number of teeth. Time in the study was included as an offset variable after logarithmic transformation. Subjects with missing values on S-Ca 2+ (n = 4) or on weight of the excised parathyroid adenoma (n = 43) were excluded from the analyses that involved those variables. All statistical analyses were performed using Stata (version 15, Stata Corp LP, College Station, TX).
The methods employed in this study are consistent with the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines for a human observational study (http://www.strobe-statement.org).
Results
The patient cohort included 982 pHPT patients (748 females) at a median age of 62 years with a preoperative median S-Ca 2+ of 1.45 mmol/L. The reference cohort consisted of 2944 Stockholm County residents matched on age and gender. Characteristics are presented in Table 1 .
There were no significant differences between the cohorts with respect to the incidence of the primary and secondary outcomes, e.g., tooth extractions, periodontal interventions, and total number of visits (Table 2) . The analysis showed that the pHPT patients with S-Ca 2+ in the upper (4th) quartile had a markedly increased incidence of tooth extraction (IRR 1.853, P < 0.001) ( Table 3) .
Within the patient cohort, a lower number of natural teeth slightly predisposed less tooth extractions (IRR 0.924, P < 0.001). The number of dental care visits per year increased with age (IRR 1.013, P < 0.001). Female gender was a significant risk factor for tooth extractions (IRR 1.341, P < 0.027). After correction for S-Ca 2+ , adenoma weight was an independent risk factor for tooth extractions (IRR 1.047, P < 0.030) ( Table 4 ).
Discussion
The aim of this introductory, registry-based study was to compare dental interventions and dental care utilization among pHPT patients to a cohort of the normal population. Overall, no differences in utilized dental care were observed when comparing the cohorts. However, a sub-group analysis revealed differences related to the preoperative S-Ca 2+ level. The group of patients with the highest preoperative calcium levels had a significantly increased risk of more drastic dental intervention, i.e., tooth extractions. The observed association between higher S-Ca 2+ and increased tooth loss by extraction indicates an association between disease severity and oral disorders. The coherent, independent relationship between the risk of tooth extractions and the weight of the removed parathyroid adenoma as a proxy for more severe disease further strengthens this assumption. It is important to recognize that the majority patients treated for pHPT in developed countries today are detected with mild hypercalcemia. The median calcium levels in the fourth quartile of this patient cohort still are considered only moderately elevated.
Periodontitis is a major cause of tooth loss in adults [6] . Emerging evidence indicates an association between osteoporosis/osteopenia and risk of periodontal attachment loss [22, 23] . The bone is the main target of PTH, and pHPT is associated with abnormal bone remodeling [24] . Pronounced periodontal lesions are predominantly observed in advanced stages of pHPT. Our findings of a correlation between severity of hypercalcemia and an increased risk of tooth loss by extraction are consistent with previous knowledge [9] . Furthermore, the analyses indicated an amplified increased risk for tooth loss associated with female gender and increasing age in the pHPT cohort compared to the reference population, independent of calcium-levels. In the context of pHPT being a common disease more prevalent in women and with an incidence that increases with age, these results are important to highlight. Interestingly, an altered pattern of dental care utilization was also observed in mild hypercalcemia as compared to the reference population ( Table 3 ; Table 4 ). Further studies are warranted in regard to mild disease.
The present study has obvious limitations. The study design does not permit analyses of causal relationships. The observation time was restricted to a maximum of 3 years prior to PTX, which is a relatively short time span for long-term complications to develop. In addition, the results may be affected by the frequency of dental health care visits. Moreover, detailed data on symptoms and indications for PTX was not available. The included laboratory data is limited to S-Ca 2+ and does not allow any conclusions concerning other possible biochemical mechanisms. Comorbidities such as osteoporosis, cardiovascular disorders, and diabetes, all linked to risk of periodontal disease, are more prevalent in pHPT which might bias he results [6, 25, 26] .
The strength of this study is the size of the study population and the validity of the information available in the registries. The Swedish dental health care is subsidized and both publicly and privately run dental offices are registered and therefore the register covers nearly the entire population [27] .
Primary hyperparathyroidism is considered a common disease and yet, the impacts of oral manifestations in pHPT remain a relatively unexplored area of research. In future studies, relevant comorbidities, socioeconomic variables, and drug exposure will be included in a national population study.
Conclusions
This study provides new and relevant perspectives in a sparsely studied field, at potential benefit for a large group of patients with a common disease. Increased multidisciplinary awareness of oral comorbidity in pHPT may present many advantageous effects by earlier detection and prevention.
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